Epidermal Growth and Ribosomal RNA Accumulation in Regenerating Mouse Epidermis Following Abrasion  by Argyris, Thomas S
0022-202X/78/7005-0267$02.00/0 
THE JOURNAL OF INVESTlGATIVE DERMATOLOGY, 70:267-271, 1978 
Copyright © 1978 by The Williams & Wilkins Co. 
Vol. 70, No.5 
Printed in U.S.A. 
EPIDERMAL GROWTH AND RIBOSOMAL RNA ACCUMULATION IN 
REGENERATING MOUSE EPIDERMIS FOlLOWING ABRASION 
THOMAS S. ARGYRIS, PH.D. 
Department of Pathology, Upstate Medical Center, SUNY, Syracuse, New Yorh, U.S.A. 
Epidermal regeneration following abrasion of mouse 
skin can be divided into 2 phases. The first phase consists 
of a period of massive epidermal production. Epidermal 
wet weight in a standard area of skin increases over 6 X 
that of normal within 5 days after abrasion and remains 
at this level until about the 8th day. Associated with the 
increase in epidermal wet weight is a marked increase 
in total epidermal protein and DNA. The second phase, 
characterized by a period of regression, begins about 8 
days after abrasion, during which the epidermis gradu-
ally returns to its normal thickness, and there is a grad-
ual return toward normal levels of wet weight, total 
protein and DNA. 
Ribosomes accumulate in large numbers in epidermal 
cells during the period of massive epidermal production, 
as measured by the increases in rRNA/DNA and 
rRNA/gm epidermis. Ribosome accumulation reaches a 
peak of over 5X that of normal by 5 days after abrasion, 
remains high for the next 3 days, and during the period 
of epidermal regression, gradually decreases approach-
ing normal levels by 21 days after abrasion. 
A hypothesis is presented that the large accumulation 
of ribosomes, along with the other associated metabolic 
regulatory changes, acts as a "driving force" to keep 
epidermal cells proliferating and thus helps produce the 
epidermal hyperplasia. 
The role of ribosomes in growth regulation is a subject of 
current intense investigation involving diverse model systems 
such as regenerating liver [1] or kidney [2], growth of cells in 
cultme [3-6] mitogen stimulation of lymphocytes in vitro [7,8] 
and hormone-induced growth [9]. We are interested in the role 
of ribosomes in the regulation of hyperplastic growth in the 
epidermis [10-12] because epidermal hyperplasia is an integral 
part of the response of the skin to chemical, mechanical, ther-
mal, or radiation-induced damage [13]. It is also a key transfor-
mation step in epidermal carcinogenesis [14] and it is a com-
ponent of many epidermal proliferative diseases, such as pso-
riasis [15]. 
The model system we use to study growth regulation of 
epidermal hyperplasia is the induction of epidermal regenera-
tion following abrasion of mouse epidermis [16]. Previously we 
showed that the production of regenerative epidermal hyper-
plasia after abrasion is characterized by a lru·ge accumulation of 
RNA in the regenerating epidermal cells (17]. Since rRNA is 
the chief component, by bulk, of cellulru· RNA, and moreover 
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since ribosomes appear to play such an integral part in the 
regulation of growth, it is important to determine if rRNA also 
increases dming the production of regenerative epidermal hy-
perplasia. Also of importance is what happens to rRNA accu-
mulation dming the regression of epidermal hyperplasia. We 
will show that rRNA increases enormously dming the produc-
tion of epidermal hyperplasia, and that dming the regression of 
epidermal hyperplasia, rRNA decreases toward control levels 
as the hyperplastic epidermis retmns to its normal thickness. 
We will fw-thermore offer a hypothesis concerning the role of 
ribosome accumulation in the regulation of epidermal hyper-
plastic growth. 
MATERIALS AND METHODS 
CD-1 female mice, about 40 days of age, were purchased from Charles 
River Farms (Wilmington, Mass.). The conditions for the maintenance 
of the mice and control of hair growth cycles can be found in Argyris 
[16]. 
The technique for abrasion has already been described [16] except 
that in our current experiments, we used a felt wheel, 5/ 8" in diameter 
(code-FEHES, William Dixon, Inc., Carlstadt, New Jersey 07072) for 
abrasion, because we could better control the degree of abrasion. 
The basic technique for determining the wet weight of the epidermis 
in a unit area of back skin (100 cm2 of skin) has been described [16]. In 
previous experiments, the epidermis was sepru·ated from the dermis by 
treatment with cold trypsin [16]. In our present experiments we sepa-
rated norma.! or regenerating epidermis from its underlying d~rmis 
without the use of trypsin. This was done by first removing the 
subdermal tissues of the skin by scraping with a #10 blade as ab·eady 
described [16]. Then the epidermis was scraped from the underlying 
dermis using a fresh #10 blade. While scraping, the skin was kept cold 
by placing it on a Petri dish filled with ice. 
Because of the intense inflammatory response and fragility of the 
small amounts of regenerating epidermis, measurements of the varia-
bles under study were not possible at days I and 2 following abrasi"on. 
Epidermal homogenates, 4% w/v, were usually prepru·ed from the 
pooled epidermis of 16 mice in 0.25 M buffered sucrose as already 
described [10,18]. Total cytoplasmic ribosome fraction (TCR) was 
prepru·ed essentially according to Blobel and Potter [19), except that 
the ribosomes were isolated from 1-2 ml of the postmitochondrial 
supernatant (PMS) , and not from the postnuclear supernatant (PNS) 
as described by them. We isolated the TCR from the PMS because 
previous experiments had shown that with mouse epidermis, either 
normal or hyperplastic, we could get as good a quantitative recovery of 
ribosomes from the PMS as we could from the PNS [20]. The rRNA 
was extracted using a Schmidt-Thannhauser procedure and measured 
using the extinction coefficient 1A260 unit = 32 j.igRNA/ ml [18]. 
Every time ribosomes were isolated, we also measured the amount 
of homogenate acid soluble material (ASM), RNA, and DNA, following 
a Schmidt-Thannhauser extraction from 1 ml of the 4% homogenate as 
already described [18]. Homogenate protein was measUl·ed using the 
Lowry reaction [21) as described previously [17). 
Statistical analysis was done using the Student's t-test. P values of 
0.05 or less where considered significant, but all values labeled signifi-
cant in the text were significant at least at the 0.01 level. 
RESULTS 
Representative results obtained with the new scraping pro-
cedme we developed for separating the epidermis from the 
dermis without the use of trypsin are shown in Fig l. Good 
separation and histological preservation of normal and regen-
erating epidermis, as well as of the remaining dermis and hair 
follicles is achieved by our technique. Similar histological prep-
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FIG 1. (A) Epidermis for normal mouse skin removed by scraping with a scalpel (H&E, reduced from x 195). (B) The remaining dermis from 
normal mouse skin after removal of the epidermjs by scraping (H&E, reduced from 195). (C) Hyperplastic epidermis removed, by scraping from 
regenerating skin 7 days after abrasion (H&E, reduced from X 195) . (D) The underlying dermis after removal of the epidermis by scraping from 
skin a braded 7 days previously (H&E, reduced from X 195). (E) The regenerating epidermis removed by scraping from skin 15 days after abrasion 
(H&E, reduced from X 195) . (F) The underlying dermis after removal of the epidermis from skin abraded 15 days previously (H&E, reduced from 
X 195). 
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FIG 2. The changes in epidermal wet weight and total protein in 
regenerating epidermjs following abrasion of mouse skin. Vertical bars 
represent the standard error of the mean. 
arations have been made at each of the other 11 intervals at 
which measurements of ribosomes have been made, in order to 
be certain that at each interval studied good separation and 
preservation of the epidermis has been obtained. 
The characteristic pattern of regenerative hyperplastic 
growth, a large overshoot followed by a period of regression is 
clearly seen in the changes in both wet weight and total protein 
following abrasion (Fig 2) . An analysis of this data shows that 
on a percent basis, total epidermal protein increases about lOX 
that of normal compared to a 7X increase in wet weight. This 
is probably due to the fact that there is an increase in protein 
per cell (see below) as well as to the presence of hyperkeratosis 
and parakeratosis. Figure 3 shows that in concert with the 
increase in epidermal wet weight and protein, total DNA also 
increases significantly during the production of epidermal hy-
perplasia. It remains high so long as the epidermis is hyper-
plastic and then it decreases along with the reduction in epi-
dermal wet weight and protein, reaching normal levels by the 
end of the experimental period. 
Ribosomal RNA also increases markedly with epidermal 
growth (Fig 3). But on a percent basis, it increases more than 
wet weight, total protein, and DNA, reaching a 25-fold increase 
by day 4. It also remains high so long as the epidermis is 
hyperplastic and then declines as the epidermis undergoes 
regression and returns to its normal thickness. Figure 4 shows 
that the changes in homogenate RNA during the entire course 
of epidermal regeneration are similar to those of rRNA. In Fig 
4 we also see that the total units of ASM show a simila1· pattern 
of change as does rRNA and RNA, but on a percent basis the 
magnitude of increase is much less. Indeed, on a percent basis, 
the changes in ASM follow closely the changes in total DNA 
and epidermal wet weight. 
The kinetics of mobilization of rRNA per average epidermal 
cell can be roughly estimated by determining the ratio of 
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rRNA/DNA. Such calculations show that by day 3, the 
rRNA/DNA per average epidermal cell is significantly in-
creased above normal. It continues to rise steeply until 5 days 
when it is over 5X the normal value. rRNA/DNA remains high 
for the next 3 days and then gradually returns toward normal 
by the end of the experimental period. 
It might be concluded that the increases in rRNA/ DNA are 
due to th e decreases in DNA/ gm epidermis (Table I). However, 
that the decrease in DNA/gm epidermis contributes only in a 
minor way to t he increases in rRNA/ DNA is suggested by the 
f act that rRNA/gm epidermis (Table I) increases similarly as 
rRNA/DNA, although the percent increase is not quite as 
much as that for rRNA/ DNA. Moreover, the differences in 
rRNA/DNA from 5 days onward, cannot be ascribed to ch anges 
in DNA/gm epidermis, since the values for DNA/gm epidermis 
from 5 days to 19-21 days are not significantly different from 
each other (Table I) . 
An analysis of the data also shows a significant increase in 
the ratio of rRNA/protein during the production of epidermal 
hyperplasia, followed by a gradual decline of this ratio toward 
normal values during the period of epidermal regression. It is 
useful to point out that rRNA/ RNA values show only minor 
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FIG 4. The changes in total RNA and acid soluble material in 
regenerating epidermis of mouse skin following abrasion. The average 
and standard error of the normal value for mg RNA/ 100 cm2 epidermis 
is 0.221 ± 0.0166 (5), and that for the units of A260 acid soluble 
material/ 100 cm2 epidermis is 3.92 ± 0.583 (6) . The number of deter-
minations are in parentheses. 
TABLE I. Protein, RNA, DNA, and Ribosomal RNA in regenerating 
female mouse epidermis following abrasion 
Days post· mg/ gm Epidermis Ribosomal 
abrasion Protein RNA DNA 
RNA 
Normal 87.5 ± 4.3" 1.65 ± 0.036 4.75 ± 0.079 0.805 + 0.052 (7)b (8) (7) (6) 
3 125 ± 16 3.68'± 0.31 5.79 ± 0.22 1.62 ± 0.134 
(5) (5) (5) (5) 
4 150 ± 5.1 4.89 ± 0.098 4.68 ± 0.18 2.52 ± 0.066 
(6) (6) (6) (6) 
5 143 ± 11 5.55 ± 0.35 3.41 ± 0.41 2.85 ± 0.14 
(6) (6) (6) (6) 
6 138 ± 12 5.24 ± 0.40 3.21 ± 0.18 3.02 ± 0.29 
(5) (5) (4) (5) 
126 ± 4.8 4.66 ± 0.22 3.39 ± 0.20 2.44 ± 0.081 
(6) (6) (6) (6) 
8 122 ± 6.3 4.70 ± 0.30 2.97 ± 0.16 2.71 ± 0.26 
(5) (5) (5) (5) 
9 122 ± 8.1 3.84 ± 0.23 3.04±0.17 2.07 ± 0.23 
(6) (6) (6) (6) 
10 115 ± 23 3.46 ± 0.083 3.14 ± 0.22 1.59 ± 0.18 
(4) (5) (5) (5) 
11-12 98.8 ± 11 2.72 ± 0.17 3.17 ± 0.28 1.43 ± 0.16 
(5) (5) (5) (5) 
13-14 93.7 ± 7.3 2.08 ± 0.085 2.95 ± 0.26 1.09 ± 0.050 
(5) (6) (6) (6) 
15-16 57.8 ± 6.2 1.61 ± 0.070 2.72 ± 0.30 0.549 ± 0.061 
(4) (4) (4) (4) 
17-18 67.0 ± 13 1.86 ± 0.12 3.16 ± 0.25 0.825 ± 0.125 
(6) (6) (6) (6) 
19-20 72.6 ± 9.0 2.08 ± 0.06 3.57 ± 0.16 0.939 ± 0.035 
(7) (7) (7) (7) 
" Average ± standard error of the mean. 
• Number of determinations in parentheses. 
TABLE II. Ratios of RNA/DNA, Protein/ DNA, RNA/protein in 
regnerating female mouse epidermis following abrasion 
Days post· RNA/DNA protein/ RNA/ 
Ribosomal 
abrasion DNA protein RNA/ RNA 
Normal 0.349 ± 0.0075" 18.5 ± 1.0 18.6 ± 1.04b 0.485 ± 0.030 
(7)' (7) (6) (6) 
3 0.637 ± 0.053 21.6 ± 2.5 30.1 ± 2.5 0.439 ± 0.'012 
(5) (5) (5) (5) 
4 1.06 ± 0.047 32.4 ± 1.9 32.2 ± 0.92 0.516 ± 0.0091 
(6) (6) (6) (6) 
5 1.69 ± 0. 14 44.2 ± 5.4 39.9 ± 4.4 0.517 ± 0.016 
(6) (6) (6) (6) 
6 1.62 ± 0.11 43 .0 ± 4.2 38.1 ± 2. 1 0.574 ± 0.013 
(5) (5) (5) (5) 
7 1.38 ± 0.033 37.5 ± 2.3 37.2 ± 2.0 0.527 ± 0.0078 
(6) (6) (6) (6) 
8 1.60 ± 0.14 41.3 ± 2.2 38.9 ± 3.6 0.574 ± 0.031 
(5) (5) (5) (5) 
9 1.27 ± 0.078 40.5 ± 2.2 31.5 ± 1.6 0.538 ± 0.026 
(6) (6) (6) (6) 
10 1.12 ± 0.061 35.8 ± 5.7 32.3 ± 5.8 0.463 ± 0.054 
(5) (5) (4) (5) 
11-12 0.873 ± 0.062 31.1 ± 1.6 28.1 ± 1.8 0.520 ± 0.032 
(5) (5) (5) (5) 
13-14 0.698 ± 0.033 31.5 ± 2.1 23.0 ± 1.6 0.520 ± 0.017 
(6) (5) (5) (6) 
15-16 0.604 ± 0.057 21.6 ± 2.3 28.2 ± 1.8 0.343 ± 0.043 
(4) (4) (4) (4) 
17-18 0.595 ± 0.029 20.6 ± 2.7 31.6 ± 4.9 0.424 ± 0.044 
(6) (6) (6) (5) 
19-20 0.587 ± 0.02!1 19.8 ± 2.1 34.4 ± 6.1 0.452 ± 0.011 
(7) (7) (7) (7) 
" Average ± standard error of the mean. 
• p.g RNA/ mg protein. 
<Number of determinations in parentheses. 
fluctuations from normal except at days 15-16 when 
rRNA/ RNA is only 0.71 of normal, a decrease which is signifi-
cant (Table II) . Finally, it can be seen that the changes in 
homogenate RNA/DNA and h omogenate RNA/protein (Table 
II) are similar in pattern to that of rRNA/DNA and 
rRNA/protein. Also, as in the case of rRNA, homogenate 
RNA/ gm epidermis increases in a similar fashion (Table I). 
Protein/DNA also significantly increases during the course 
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FIG 5. The units acid soluble material/mg rRNA, and the units of 
acid soluble material/mg DNA in regenerating epidermis from mouse 
skin after abrasion. Vertical bars are the standard error of the mean. 
of epidermal regeneration (Table II), reaching a peak of 5 days. 
Protein/DNA ratio stays at this approximate level, so long as 
the epidermis is hyperplastic and then gradually decrease to-
ward normal values. The increase in protein/DNA cannot be 
entirely accounted for simply by a decrease in DNA, since 
protein/ gm epidermis (Table I) also increases in a similar way 
as the protein/DNA. 
Finally, Fig . 5 shows that the amount of ASM relative to 
rRNA decreases significantly during the production of epider-
mal hyperplasia reaching values of only 28% of normal by 5 
days. The ASM/rRNA ratio remains low during the period of 
maximal epidermal hyperplasia, and then it begins to increase 
reaching a peak at 15-16 days as the eidermis regresses to its 
normal thickness. The decrease in ASM/rRNA is due more to 
the increase in rRNA per cell than to an absolute decrease in 
the ASM. This is suggested by the fact that between 4 and 8 
days when the ASM/rRNA ratio decreases the ASM/DNA 
does not significantly change (Fig 5). 
DISCUSSION 
Epidermal regenerative hyperplasia can be divided into 2 
phases. The first phase involves a period of intense epidermal 
proliferation resulting in a massive overshoot in the production 
of epidermis to over 6X that of normal. The second phase 
involves a period of regression during which the hyperplastic 
epidermis gradually returns to its normal thickness [22]. 
During the production of epidermal hyperplasia, there occurs 
a marked ribosome accumulation which reaches, at 5 days, 
approximately a 5-fold increase in ribosomes per average epi-
dermal cell. Ribosome levels per average epidermal cell remain 
high for approximately the next 3 days and then begin to return 
to normal during the phase of epidermal regression, and by the 
end of the experimental period, they are close to the normal 
range. 
The accumulation of ribosomes is a general phenomenon 
associated with a large number of induced growth systems in 
which cell proliferation is the principle cellular mechanism for 
growth. For example, it is seen during the growth of fibroblasts 
in culture [5,6,23], in kidney cortical cells in culture [3], in 
regenerating liver [24], in salivary gland growth, following a 
single injection of isoproterenol [ 4] and in the in vitro mitogen 
stimulation of lymphocytes [7,8]. Ribosome accumulation in 
most of these systems differs from that seen in epidermal 
hyperplasia in that the ribosome accumulation is transient, 
usually occurring during the early phases of growth. For ex-
ample, fibroblasts growing in culture will show a marked ribo-
some accumulation usually between 1 and 3 days after seeding 
Vol. 70, No.5 
[23,25]. Often, the levels of ribosomes are returning towlird 
normal levels by the early phase of log growth of the culture 
[23]. Similarly, in regenerating liver, ribosome accumulation is 
significantly increased by 12 hr, reaches a peak at about 24 hr, 
and is well toward normal levels by 48 hours, again considerably 
before the major portion of growth has been accomplishe? 
[24]. In contrast, ribosome accumulation in regenerating epi-
dermal cells occurs during the entire period of epidermal 
growth. Moreover, it persists through the subsequent days 
when maximal epidermal mass is maintained . 
The massive accumulation of ribosomes in the hyperplastic 
epidermis, is not limited to regenerative hyperplasia following 
abrasion. It is also seen in the epidermal hyperplasia produced 
by a single application of 3-methylcholanthrene [12]. It shows 
the same pattern of changes as after regenerative epidermal 
hyperplasia. It increases during the production of the epidermal 
hyperplasia, remains high so long as the epidermis is hype~·­
plastic, and begins to return to normal only when the epidermis 
begins its return to normal thickness [12]. The fact that rib~­
some accumulation appears to remain high as long as there IS 
a significant epidermal hyperplasia raises the possibility that 
ribosome accumulation might remain high during long-term 
epidermal hyperplasia produced by chronic treatment with 
irritants. That this might be so is suggested by our limited 
studies in which we have measured ribosome levels in hyper-
plastic epidermis at 3 intervals during promotion with the 
phorbol ester TPA [11]. At the intervals studied, ribosome 
accumulation is high in the hyperplastic epidermis. Moreover, 
the large accumulation of ribosomes is also seen in the epider-
mal papillomata [11]. 
The paramount question that our studies, as well as those of 
others raises, concerns the role of ribosome accumultion in the 
regulation of growth be it normal, hyperplastic, or neoplastic. 
We have no answer to this question, but offer our current 
working hypothesis. It is not entirely original with us. It is an 
extension of the ideas of others [ 4,6,8,26-28]. 
We hypothesize that the very large accumulation of ribo-
somes, along with all the other metabolic regulatory changes 
linked to ribosome accumulation in regenerating epidermal 
cells, act as a "driving force" to keep cells proliferating (and/ or 
differentiating?) at such a rate than an epidermal hyperplasia 
is produced and maintained. We further speculate that all that 
may be necessary to maintain an epidermal hyperplasia for long 
periods of time, as during the promotion phase in epidermal 
tumorigenesis, is the persistence of the metabolic changes which 
lead to marked ribosome accumulation. Moreover, the produc-
tion of papillomata might simply be the result of "locking in" 
the metabolic regultory changes which result in massive ribo-
some accumulation in initiated epidermal cells. 
The evidence on which we base our hypothesis that the 
accumulation of ribosomes may act as a "driving force" to keep 
cells proliferating is as follows. Mostafapour and Green [29] 
have found that if fibroblasts are allowed to accumulate rRNA 
before being placed in a medium which does not support DNA 
synthesis, a considerable fraction of the fibroblasts will go ahead 
and synthesize DNA. The longer the fibroblasts are allowed to 
accumulate ribosomes before being placed in the medium which 
does not support DNA synthesis, the greater the number of 
fibroblasts which will synthesize DNA. Epifanova et al [30) 
have recently shown that if Chinese hamster cells are allowed 
to accumulate ribosomes prior to the addition of actinomycin 
D (AMD) at a dose which inhibits rRNA but not mRNA or 
tRNA synthesis, the cells will synthesize DNA and divide even 
though they are in the presence of AMD. If they are not allowed 
to accumulate ribosomes before the addition of AMD, then 
they do not synthesize DNA. Thus, the evidence is highly 
suggestive that the accumulation of ribosomes, plus the addi-
tional linked changes, may act as a "driving force" to keep cells 
proliferating. That papillomata might be the result of "locking 
in" the metabolic regulatory changes which result in massive 
ribosome accumulation in initiated epidermal cells is sugested 
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by the recent experimental results of Schiaffonati and Baserga 
[31] who have show'n that normal WI-38 fibroblasts when 
placed in a medium which does not support proliferation will 
enter the Go phase of the cell cycle. In contrast, transformed 
WI-38 cells placed in a similar medium do not appear able to 
enter the Go phase of the cell cycle and they gradually die, as 
if the metabolic regulatory pathways ("driving force") for cell 
proliferation were "locked in place." 
We wish to emphasize the fact that we view the accumulation 
of ribosomes and the other associated changes, as a "driving 
force" for cell proliferation, does not mean that we believe that 
this network of metabolic regulatory changes is the init ial 
trigger for cell proliferation. Indeed, we think this unlikely. It 
is more likely to be a common funneling step in the pathway to 
the initiation of cell proliferation. 
If the massive accumulation of ribosomes, and its attended 
metabolic regulatory changes, act as a driving force for the 
production of epidermal hyperplasia, then we would predict 
that regenerating epidermal cells might be refractory to natu-
rally occurring inhibitors of epidermal proliferation, such as the 
epidermal chalones. That this may indeed be the case is sug-
gested by the work of Bertsch et al [32]. They have produced 
an epidermal regenerative hyperplasia by abrading mouse skin 
with cosmetic paper. Injections of G1 epidermal chalones in 
amounts which inhibit DNA synthesis, and subsequent cell 
division in normal mouse skin, have no effect on rates of DNA 
synthesis in the regenerating epidermis. Furthermore, Krieg, 
Kuhlmann, and Marks [33] have shown that the refractoriness 
of epidermal cells to G1 chalones is not limited to regenerative 
hyperplasia produced by abrasion. It is also seen in the hyper-
plastic epidermis produced by a single application of the phor-
bol ester TP A. Also of interest is the fact that the epidermal 
hyperplasia in mice seen normally during the first few days 
after birth, is also refractory to the Gt chalone [34]. 
Thus, there exists a variety of suggestive evidence that epi-
dermal cells which have accumulated large numbers of ribo-
somes are refractory to the action of inhibitors of cell prolifer-
ation, like the chalones. This is consistent with our hypothesis 
that the accumulation of ribosomes and the other linked met-
abolic regulatory changes form a network which acts as a 
" driving force" to keep cells proliferating. Therefore, it becomes 
important to unravel this network. We are now engaged in 
investigating how ribosome accumulation is brought about, and 
to begin to detail the other linked metabolic regulatory changes, 
especially those involving the other 2 species of RNA, m-RNA, 
and t-RNA. 
The author wishes to thank Anthony Brigandi for his excellent 
technical assistance. 
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